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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a battery with Mg as a negative 
electrodehaving a high energy density and high cycle characteristic. 
SOLUTION: A negative electrode is used which has fine particles of 
magnesium or magnesium alloy with average particle size not more than 70 
U m. In this casemagnesium amount in the magnesium alloy is preferably 
not less than 70 wt. %. In manufacturingf ine particles of magnesium or 
magnesium alloy are produced by a gas atomizing methoda ball mill method 
or a planetary ball mill method. 



CLAIMS 



[Claim(s) ] 

[Claim l]A negative electrode for cells in which mean particle diameter 
is characterized by having particles of magnesium or particles of a 
Magnesium alloy which are 70 micrometers or less. 



[Claim 2]The negative electrode for cells containing at least one kind 
of InGaSnPbCdMnCoand Zn according to claim 1. 

[Claim 3]The negative electrode for cells according to claim 1 or 2 
adding nickel on the surface of particles of magnesiumor particles of a 
Magnesium alloy. 

[Claim 4]The negative electrode for cells according to claim 12or 
3wherein the amount of magnesium in a Magnesium alloy is 70 % of the 
weight or more. 

[Claim 5]A manufacturing method of the negative electrode for cells 
according to claim 123or 4 producing particles of magnesiumor particles 
of a Magnesium alloy by gas atomizing methodthe ball mill methodor a 
planetary ball mill method. 

[Claim 6]A manufacturing method of the negative electrode for cells 
according to claim 3 or 4 characterized by adding nickel with mixing of 
nickel of 10 or less % of the weight of quantitya mechanofusion methodor 
plating. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a negative electrode 
for cells which used magnesium or a Magnesium alloy as a negative 
electrodeand a manufacturing method for the same. 
[0002] 

[Description of the Prior Art] In recent yearsmuch more high energy 
density is required of the cell which is the power supply with 
development of a portable device and cordless apparatus. The Li~ion cell 
and the nickel hydrogen storage battery attract attention to this demand. 
To the further high-energy-density-izingthe fuel cell subsystem which 
used the metal Li for the negative electrode is made leading. 
[0003] Thusal though the cell of high energy density is obtained by using 
Li with big weight energy density for a negative electrodeLi resources 
exist in dilution sea water and halite underwaterand there is no 
prospect of becoming cheap by a cost aspect. 

[0004] On the other handsince two electrons move at the reaction of 1 mol 
of Mg of a negative electrodethe fuel cell subsystem which used Mg for 
the negative electrode can expect the cell of high volume energy density 
which exceeds the metal Li theoretically. It is abundant also in 
resources and cheapand also in an environmental aspectsince it is not 



harmfulit is a negative pole material with dramatically big expectation. 

This is JP62-211861AJPl-95469Aor JP4-28172Aand is proposed. 

[0005] 

[Problem(s) to be Solved by the Invent ion] However in this fuel cell 
subsysteman inactive thing is easy to be formed in a negative electrode 
surface electrochemicallyand it becomes difficult to flow through 
current (polarization is large). ThereforeSUBJECT that output 
characteristicscapacityvoltageand a cycle characteristic worsened 
occurred. Grind an alloy f inelyspecif ic surface area is made to increase 
as this measureand how to secure current density can be considered. 
Howeverin the usual jet mill method or wet machinery pulverizing 
methodgrinding of ductile big Mg was difficultand when these grinding 
was performedSUBJECT by which an oxide layer is formed in the surface 
also occurred during work. For this reasonit had stopped at the 
negative-electrode capacity factor which is only 10% - about 20% from 
which high energy density is expected theoretically of Mg conventionally. 
[0006] 

[Means for Solving the Problem]A negative electrode for cells of this 
invention has particles of magnesium or particles of a Magnesium alloy 
whose mean particle diameter is 70 micrometers or less for solution of 
the above SUBJECT. 

[0007]At this timeit is effective to contain at least one kind of 
InGaSnPbCdMnCoand Zn. 

[0008] It is effective in the surface of particles of magnesiumor 
particles of a Magnesium alloy to add nickel. 

[0009]At this timeit is desirable for the amount of magnesium in a 
Magnesium alloy to be 70 % of the weight or more. 

[0010]As for a method of manufacturing the above materialit is effective 
to produce particles of magnesium or particles of a Magnesium alloy by 
gas atomizing methodthe ball mill methodor a planetary ball mill method. 
[0011] It is useful to add nickel with mixing of nickel of 10 or less % 
of the weight of quantitya mechanof usion methodor plating. 
[0012] 

[Embodiment of the Invention] If Mg or a Mg alloy is produced by the 
mechanical alloying methodssuch as a gas atomizing method by inactive 
gas or the ball mill method in the inside of inactive gasand a planetary 
ball mill methodas a result of repeating examination 

wholeheartedlyweCould lower polarization of the cellthe capacity factor 
of the negative electrode was made to increase greatlyand the cell 
excellent also in the cycle characteristic was able to be realized. 
[0013] If Mg is used for a negative electrodein a theory topthe cell of 



the volume energy density which exceeds Li will be obtained. Howeveran 
inactive tunic is actually formed in Mg surface electrochemically [ an 
oxide layer organic coatingetc. ]. Thereforein the cell using 
thispolarization becomes largeand cell voltage becomes lowand current 
density cannot be takeneitherand a big energy density is not obtained. 
[0014] In order to solve the above SUBJECTit is considered to be an 
effective means to enlarge specific surface area. However in the 
conventional jet mill or wet machinery pulverizing methodsince the 
ductility of Mg was largeit could not grind wellbut even if it has 
ground furtherthe insulator layer was formed in Mg surfaceand SUBJECT 
that polarization became large occurred. The method by which particles 
are beforehand obtained like the gas atomizing method by inactive gasthe 
ball mill method in the inside of inactive gasor a planetary ball mill 
method (MA method) as the method of atomization is effective. As mean 
particle diameter70 micrometers or less are desirable from a point of a 
negative-electrode capacity factor and output characteristics. 
[0015] It turned out that the oxide film etc. which are made into Mg on 
the surface by considering it as the Magnesium alloy containing at least 
one kind of InGaSnPbCdMnCoand Zn semiconductor-izeand cell voltagea 
negative-electrode capacity factorand a cycle characteristic can improve 
substantially. Under the present circumstancesas an amount of Mg70 % of 
the weight or more is required because of high-energy-density-izing. 
Much more improvement in electrochemical characteristics and a cycle 
characteristic was able to be aimed at by making nickel exist in the 
surface of magnesium or a Magnesium alloy. A methodplatingetc. which add 
a small amount of nickel to alloy compositionor are attached by 
mechanical cleaningsuch as a mechanofusion methodas this means are 
effective. 

[0016]The example of this invention is described in detail below. 
[0017] 

[Example] (Example 1) After dissolving Mg with a high frequency vacuum 
melting furnacethe rapid solidification of the molten metal was carried 
out with the gas atomizing method using Ar gas. Thusobtained Mg 
particles are carrying out the globular form mostly. 
Mean particle diameter was 70 micrometers. 

[0018]Nextdimethylacetamide (DMAA) was made this Mg powder with the 
solventthe electrolyte in which 0. 5 mol of magnesium perchlorate and 1 
mol of water were dissolved was addedthe mixture was producedand it was 
considered as the negative-electrode paste. The air cell of the 
structure of drawing 1 was produced using this negative-electrode paste. 



The water-repellent membrane which Consists of PTFE (polytetrafluoroethylene) 
which does not pass a fluid in drawing 1 although an oxygen pole (air 
pole) has 1 and gas diffusion nature has 2As for the diffusion paper in 
which 3 performs an air introduction hole and 4 performs support of an 
oxygen poleand diffusion of airthe separator into which 5 infiltrated 
the electrolysis solutionand 6a gasket and 7 are negative-electrode 
pastes. Thusthe conventional air zinc carbon cell and Mg negative- 
electrode air cell (primary battery) of the same structure were produced. 
Howeverall of these assembly processes were performed in Ar gas 
atmosphere. 

[0019]Nextthe spark test was done for the spark test on condition of 
discharge current 1 mA/g and 1. 2 V cuts. The alloy particles which 
pulverized the casting Mg block in mean particle diameter even of 70 
micrometers with machinery grinding and wet milling like before as a 
cell of the comparative example 1 were used as the negative electrodeand 
the same manufacturing method and the air cell of structure were 
produced. What was produced with the gas atomizing method like this 
example as the comparative example 2 was classif iedand Mg particle with 
a mean particle diameter of 75 micrometers was obtained. The same 
manufacturing method as this example and the air cell of structure were 
produced using this. 

[0020] Comparison of average discharge voltage and a negative-electrode 
capacity factor (net volume/theoretical capacity) was shown in Table 1. 
As shown in Table lthe air cell of this example had high average 
discharge voltage compared with conventional machinery grinding Mg 
(comparative example l)and the negative-electrode capacity factor also 
became high. With machinery grinding Mga firm oxide layera hydroxy lat ion 
tunicor organic coating is formed in the surfaceand this is considered 
because polarization becomes large. 

[002l]When the particle diameter of Mg was large (comparative example 
2) the fall of average discharge voltage was not so largebut the 
negative-electrode capacity factor fell greatly. Since this affected the 
rate characteristic because specific surface area decreasesit is 
considered. Mean particle diameter was understood from this that 70 
micrometers or less are effective. 
[0022] 
[Table 1] 



[0023] (Example 2) Mg(l00 or less meshes) 18g and Co (100 or less meshes) 2g 
were inserted in the ball mill pot made from the stainless steel of 



lLand 50 pieces and 60 stainless steel balls 12 mm in diameter were 
inserted for a stainless steel ball 19 mm in diameter on it. After 
carrying out argon substitution of the inside of a potthe ball mill 
(mechanical alloying) was performed for ten days at the number of 
rotations of 100 rpm. The collected MgCo alloy particles were 21 
micrometers in mean particle diameter. The same method as Example 1 and 
the air cell of structure were produced using this after alloy powder. 
[0024]Nextabout the spark testas a result of doing a spark test on 
condition of discharge current 1 mA/g and 1. 2 V cutsrather than Example 
ldischarge average voltage became high and the negative-electrode 
capacity factor also became high. The conductivity of the oxide layer 
formed in the negative-electrode Mg-alloy surface becomes goodand since 
polarization was suppressedthis is considered. 

[0025] (Example 3) Mg(l00 or less meshes) 16g and In (100 or less meshes) 4g 
were inserted in the ball mill pot made from the stainless steel of 1L 
by the same method as Example 2and the ball mill was performed for ten 
days. The collected Mgln alloy particles were 35 micrometers in mean 
particle diameter. After having added three weight sections of PTFE 
powder as a binder to this Mg-alloy-powder 100 weight sectionhaving 
added a little DMAA(s) making it paste state and plastering and pressing 
in the punching metal core material made from Mol80 ** was heated in the 
vacuum for 30 minutesPTFE was dissolvedand the negative electrode was 
produced. To the anodethe liquid rich cell of negative-electrode 
regulation was produced for the organic electrolyte which made trimethyl 
sulfoxide (TMS0) dissolve 1 mol of magnesium perchlorate in an 
electrolysis solution using sufficiently mass FeS 2 from negative- 
electrode capacity. 

[0026]Nextcharge and discharge did the charge and discharge test on 
condition of 5 mA/g and 1. 2 V cuts 120% by charging current 5 mA/g. The 
Mgln alloy plate of the same weight was used for the negative electrode 
as the comparative example 3and the negative-electrode regulation 
nonaqueous electrolyte battery was produced in the similar way. Average 
discharge voltagea negative-electrode capacity factorand a capacity 
maintenance rate (50 cycle capacity / initial capacity) are shown in 
Table 1. The cell of Table 1 to this example was understood that average 
discharge voltage and a negative-electrode capacity factor are highand a 
capacity maintenance rate is also larger than a Mgln alloy plate 
negative electrode. 

[0027] (Example 4) It alloyed by the same manufacturing conditions as 
Example 2 using Mg(l00 or less meshes) 14g and In (100 or less 
meshes) 6gand the negative-electrode regulation liquid rich cell was 



produced like Example 3 after that. The cell (comparative example 4) 
which used as the negative electrode what added and (33 % of the weight) 
alloyed In7g to Mgl4g for comparison was also produced. 
[0028]As shown in Table lthe negative-electrode capacity factor in the 
cell of this example fell a little from Example 3but the capacity 
maintenance rate improved. In the comparative example 4the negative- 
electrode capacity factor has fallen greatly. The fall of the amount of 
Mg in an alloy is what led to capacity loweringand this is considered to 
be required 70% of the weight or more as an amount of Mg. 
[0029] (Examples 5-9) In Example 3GaSnCdMnand Zn were respectively added 
15% of the weight to the amount of Mg instead of In. Thenthe ball mill 
was performed on the same conditions and various Mg alloys were produced. 
Thuswith the same composition as Example 3negative~electrode regulation 
liquid Rich's cell was produced by using the produced Mg-alloy particles 
as a negative electrode. Although various battery characteristics were 
shown in Table lin any caseit became high tensiona high negative- 
electrode capacity factorand a high capacity maintenance factor rather 
than the alloy plate material negative electrode of the comparative 
examples 5-9. 

[0030] (Example 10) Mg(l00 or less meshes)8g and Pb(100 or less meshes)2g 
were put into the 500-cc pot for planetary ball mills made from 
stainless steeland 20 pieces and 40 stainless steel balls 10 mm in 
diameter were inserted for a stainless steel ball 20 mm in diameter into 
it. After carrying out argon substitution of the inside of a potthe 
planetary ball mill was performed for two days at the number of 
rotations of 2000 rpm. The collected MgPb alloy particles were 35 
micrometers in mean particle diameter. Three weight sections of PTFE 
powder are added as a binder to this MgPb after-alloy-powder 100 weight 
sectionAfter having added a small amount of dimethyl sulfoxide 
(DMS0) making it paste state and plastering and pressing in the punching 
metal core material made from Mol80 ** was heated in the vacuum for 30 
minutesPTFE was dissolvedand the negative electrode was produced. To the 
anodethe liquid rich cell of negative-electrode regulation was produced 
for the organic electrolyte in which the electrolysis solution was made 
to dissolve 0.6 mol of magnesium perchlorate at DMSO using sufficiently 
mass Mo 6 S 8 from negative-electrode capacity. 

[0031] Next charge and discharge did the charge and discharge test on 
condition of 5 mA/g and 1. 2 V cuts 120% by charging current 5 mA/g like 
Example 3. The battery characteristic at the time of using the plate of 
a MgPb alloy for a negative electrode as the comparative example 10 was 
shown in Table 1. Table 1 showed that the cell using the negative 



electrode of this example excelled the thing of a plate in all the 
points. 

[0032] (Example 11) The Mgln after alloy powder whose mean particle 
diameter is 35 micrometers was produced with the ball mill from Mgl6g 
and In4g by the same method as Example 3. 

[0033]Nextmechano fusion processing (for Hosokawa Micron AM-15F usethe 
gap of 1 mml200 rpmand 15 minutes) of the nickel particulates 1. 3g with 
a particle diameter of 30 nm was carried out to this alloy particle 15g 
in argonand the impalpable powder of nickel was made to adhere to it 
uniformly in a Mgln alloy particle surface. 

[0034]Thenthree weight sections of PTFE powder are added as a binder to 
this composite particle 100 weight sectionAfter having added a little 
dimethylformamides (DMF) making it paste state and plastering and 
pressing in the punching metal core material made from Mol80 ** was 
heated in the vacuum for 30 minutesPTFE was dissolvedand the negative 
electrode was produced. To the anodethe liquid rich cell of negative- 
electrode regulation was produced for the organic electrolyte which made 
the mixed solvent of the volume ratio 1 : 1 of DMF and DMS0 dissolve 1.5- 
mol magnesium perchlorate in an electrolysis solution using sufficiently 
mass V 2 0 5 from negative-electrode capacity. 

[0035]Nextcharge and discharge did the charge and discharge test on 
condition of 5 mA/g and 1. 2 V cuts 120% by charging current 5 mA/g like 
Example 3. Table 1 showed that the cell using the negative electrode of 
this example was excellent in respect of a cycle characteristic compared 
with the nickel unprocessed example 3. 

[0036] (Example 12) The MglnNi after alloy powder whose mean particle 
diameter is 20 micrometers was produced with the ball mill from Mgl6gand 
In2g and nickel2g (100 meshes) by the same method as Example 3. 
[0037]The component analysis by EPMA (electron beam micro analysis) of 
this alloy particle showed carrying out composition distribution almost 
uniformly by the preparation ratio. 

[0038]Thenaf ter having added five weight sections of PE (polyethylene) 
powder as a binder to this composite particle 100 weight sectionhaving 
added a little DMFmaking it paste state and plastering and pressing in 
the punching metal core material made from Til30 ** was heated in the 
vacuum for 30 minutesPE was dissolvedand the negative electrode was 
produced. To the anodethe liquid rich cell of negative-electrode 
regulation was produced for the organic electrolyte which made the mixed 
solvent of the volume ratio 2:1 of DMAA and DMSO dissolve 1 mol of 
magnesium perchlorate in an electrolysis solution using sufficiently 
mass V 8 0 13 from negative-electrode capacity. 



[0039]Nextcharge and discharge did the charge and discharge test on 
condition of 5 mA/g and 1. 2 V cuts 120% by charging current 5 mA/g like 
Example 3. Table 1 showed that the cell of this example was excellent in 
respect of a cycle characteristic compared with the nickel unprocessed 
example 3. Howeverwhen the amount of nickel exceeded 10 % of the 
weightcycle degradation was control ledbut the fall of the energy density 
produced the fault which becomes large suddenly. 
[0040] (Example 13) Like Example lafter dissolving Mg with a high 
frequency vacuum melting furnacethe rapid solidification of the molten 
metal was carried out with the Ar gas atomizing methodand the particle 
with a mean particle diameter of 30 micrometers was produced. 
[004l]Nextamong the saturated water solution of nickel nitratethis Mg 
particle lOg was addedafter stirring mixingit collectedfor 2 minutes 
improved rinsing vacuum drying to 200 cc through the filter paper at the 
room temperatureand it was considered as negative electrode active 
material. Existence of nickel was checked from EPMA in the alloy surface. 
This is considered to be based on substitution plating with Mg and 
nickel. As an amount of platingit is considered about 5 % of the weight. 
[0042]Five weight sections of PE powder were added as a binder to this 
Mg composite particle 100 weight sectionand a little DMAA(s) were 
addedit was made paste stateand the punching metal core material made 
from Cu was plasteredl30 ** was heated in the after-press vacuum for 30 
minutesPE was dissolvedand the negative electrode was produced. At the 
electrolysis solutionthe liquid rich cell of negative-electrode 
regulation was produced for the organic electrolyte in which a 0. 8-mol 
magnesium bromide was dissolved at DMAA using V 8 0 13 with bigger enough 
capacity than negative-electrode capacity to the anode. 
[0043]Nextcharge and discharge did the charge and discharge test on 
condition of 5 mA/g and 1. 2 V cuts 120% by charging current 5 mA/g like 
Example 3. It turned out that the cell using the negative electrode of 
this example is excellent in respect of a cycle characteristic compared 
with nickel unprocessed thing. 

[0044] As an amount of nickel added in Examples 11-1310 or less % of the 

weight is preferred in respect of energy density. 

[0045] 

[Effect of the Invention]Specif ic surface area increases substantially 
by using Mg or Mg-alloy particles (mean particle diameter of 70 
micrometers or less) polarization fallsand a rate characteristic and the 
negative-electrode capacity factor of a negative electrode for cells of 
this invention and a manufacturing method for the same improve so that 
clearly from the above-mentioned example. 



[0046]Furthermoresemiconductor membrane is formed in the surface by 
alloying with InGaSnPbCdMnCoand Znand improvement in a cycle 
characteristic is achieved with the improvement of current collection 
nature. 

[0047]By providing nickel layer on the surface of alloy 
particleselectrochemical characteristics improve more and serve as high 
energy density and a long life further. Howeveras an amount of Mg70 % of 
the weight or more is required from a point of capacity. 
[0048]Since the mechanical alloying methodssuch as a gas atomizing 
methodthe ball mill methodand a planetary ball mill methoddo not need a 
grinding process as a manufacturing method of particlesit is effective. 
Especially the mechanical alloying method is a very effective means to 
the alloying of a dissimilar metal and the alloying of the low metal of 
the boiling point which the melting point is large and are different. 
[0049]As a means of nickel processing on magnesium or the Magnesium 
alloy surfaceamong alloy composition are mechanical cleaning or plating 
etc. which add a small amount of nickelsuch as a method and a 
mechanofusion method. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The sectional view of the air cell in the embodiment of the 
invention 1 

[Description of Notations] 

1 Oxygen pole (air pole) 

2 PTFE water-repellent membrane 

3 Air introduction hole 

4 Diffusion paper 

5 Separator 

6 Gasket 

7 Negative-electrode paste 

8 Negative-electrode container 

9 Positive electrode container 



(19)0#B#fF/r (JP) 



«» 42t 13 4# It ^ $g (a) 



^m^U -345610 

(43)^HB ¥/$ll^(1999) 12/3140 



(51) IntCl. 5 
HO 1M 
B2 2F 

HO 1 M 



4/46 
9/04 
9/08 
4/02 
4/06 



F I 

H 0 1 M 4/46 
B 2 2 F 9/04 
9/08 

HO 1M 4/02 
4/06 



C 
A 
D 
P 



(21)tflS## #H¥10- 152464 


(71) USA 


000005821 












(22) dllS 0 (1998) 6 R 2 B 




AK^R^mA^P^ttl006#^ 






(72)5!^# 










*RtffPmiti*^R*1006#tfj 














(72)f89i=# 


»® w# 








AE*rR**A*n*ioo6s« 














(72)fSW# 


&m »- 






















(74)ftSA 


*s± mi. (ni«) 





(54) H6io€«;] «&fflftffi:fc<J:tf-?-©SSifeW£ 



(57) [Mffl 



1 KSffi (£*ffi) 

2 PTFES*JK 

3 ^5l3iOAn?l 
4 

6 * I- 

7 ftffi^ - * h 
8 

9 iEggfl 




(2) ttHV 1 1 -3456 1 0 



m>£m2] In, Ga, Sn, Pb, Cd, Mn, 
Co, Zn(D'P%:<ti>immit^mLrcZ:ii&%Mt 

-r zmxm ^ mmoimtemn®* 

2. 3$f^*4fS»6©ffi&ffl^iI<Dlgit755£<, 
[fi3Ui6] 1 01i%WT©t©N i 

-r * c: <t sttat £ r zmmm 3 $ fc 4 i3fg<oisa!>f8 n 

[0 0 0 1 ] 

■7 CM* V ? * -> ■> A£-££JS l^fcWteJI ftS£ <fc 
ire-©l!l»A»U:HT*. 
[0 0 0 2] 

[0 0 0 3] CKDJc^lcSfiX^l/^-egSW^^L 

5feAM#en^A\ l i m-mtm^m^^izmmz^ 

[0 0 0 4] CttUlfctLT. Mg^JUcfSl^ffi^ 
lis SiCMg 1 ^IbtofcfcT-ini-lf&Wrt^rclib. 

Ctlli, &MBB6 2-2 1 1 86 1 ^SB. <tf 
IW 1 - 9 5 4 6 9 ^SB. S fcttltlJUF 4-2817 

[0 0 0 5] 

[^B^fi?-3iLJ:5<t:-r^iiM] LfrU CVmtemT' 



5IS^a&o/i:„ CKD^atLT. -&^aB^<iB}» 

ammtn^mm^&^tc. z\<Dt^ '&mzmt&mz 
mii*)v#-®m&m'&-£n2>Mg<Dt>rfr-\ o%~2 

[0 0 0 6] 

^£*r-f £ d «!: "T 
[0007] CCD<!:$\ In, Ga, Sn, Pb, C 
d, Mn, Co, Zn<D'}>lS;< £<Z>-\mm&^mTZZ. 

[0 0 0 8] ^*5">i*fl!>l»t»L<W:^*. 
[0 0 0 9] CCDtZ. ~? -> 0 Wg&tiP<D^ -> 

[0010] w±©*m*«a-r*3&a£«:» sx7H7 

[0 0 1 1 ] $fc. 1 0li%«T<5l(DN i OSS, 
[0 0 12] 

iVTa^Xfy^lzJ: *) M g ^StMiM g^#^^-T^ 

[0 0 13] Mg1k$mizm^2>£. Slffl±«L i ^± 
mzltM g SSlC^b^-^W^^^^Offimfk^W 

[0014] u±<Dmm*m7k? zrctbizu. ttmmm 



(3) 



Stm^F 1 1 -3456 1 0 



[0 0 1 5] MglC I n. Ga. Sn, Pb, C 

d, Mn, Co, Z n(0'M<<!:t1li5tfU7 

7 oms%Jx±#Bx*;u:£-fBgHb<0fci&te&WT-fc 

[0 0 16] lXTlc*^<OHfifi^PL<ittB^f ^5. 
[0 0 17] 

LTfe y . T^ttSW: 7 0 /u m?$ -p fc 
[0 0 18] :^tC, d03Mg*»5felCv > >^^U7 7 -fe hT 7 - 
K (DMAA) LT> 0. 5 mo I Wil^K 

xh^ffli,^ mi (Dmm<D^m^ifnmLtc a n 
z&mmtmMLizv ptfe (*• mmmi 



<7)J:5lc. ft*<££S®S8ttft<tl^«l©m£<DMg^I 

smsjfe tttmLtco (eLn ;m 

[0019] %lctttt&[|ft*ftm3ft 1 nA/g. 1.2V 

8k?*»fc. dt\^ffll^T*HS6fflJ<t|W|-<DSil75;£. 
[0 0 2 0] ^1 K¥*Dfi*^mffi&tfJHI*yfB^ (US 
*HBS^J©^flS>teliSeJR©^««»»M g (JtRffll 

[0021] *tc. Mg<nmmft±z^m-£ amm 
2) « % w^msimwE.<DmTtt& i £ > j*i*-<r^ti\ n 

[0 0 2 2] 
[€11] 



(4) 



&m¥- 1 1 -3456 1 0 





M 


SAB 




*IE<v) 


^(96) 


*(%) 










70jim 


DMAA*0.5mo1 MgCC10 4 ) 2 + 
ImolHjO 




1.9 


90 






Mg«H0%Cc£-# 


21 


DMAA^0.5mo1 Mg(C 1 0^2+ 
1mo1H a O 




2.2 


93 




*ffi«3 


Mg+20%ln^& 


35 


TMSD+1mo1Mg(C10J 2 


FeS 2 


2.2 


94 


82 




Mg+30%ln6& 


30 


TMSOI mol Mg(Cl 0^ 


FoS 2 


2.1 


88 


88 




Mg+15%Zn^& 


28 


TMSO+1mo1Mg(C104) 2 


FeS a 


2.0 


91 


80 




Mg+15%Sn£-& 


26 


TMSO+lmolMgCCIOJ, 


FeS 2 


2.1 


92 


81 


xmm 




27 


TMSOI molMgCCIO^ 


FoS a 


2.0 


93 


81 




Mg+15%Mn£^ 


33 


TMSO+1 mol Mg(C1 0^ 


FeS 2 


1.9 


90 


78 






70 


TMSOlmol MgCCIO^ 


F©S 2 


2.1 


91 


82 




Mg+10%Pbnffi 


30 






21 


94 


80 


£1)50111 


Mg+20%lnaSK 
+8%Ni 


35 


+ 1.5mo1Mg(C104)2 


v 2 o 5 


2.2 


90 


86 




Mg+ 10961 n+ 


30 


DMAA(2HDMS0(1) 
rno 1 Mg\o 1 U 4 >j 


v B o 13 


2.1 


90 


86 






Ou 


DMAA+0.8mo1 MgBr 2 




18 


86 


78 




Mg&«## 


70 


OMAA+O.5mo1 Mg( CI 0 4 )j 
+1mo1 HjO 




1 R 
1.0 


S 1 * 
99 








75 


0MAA+0.5mo1 Mg(ClQ 4 ) 2 
+1mo1H20 




1.8 


68 






Mg+10%ln£^ 




TMSOlmol MgCCIO^ 


FeS 2 


18 | 


41 


69 


tt&m 




32 


TMSOI mol MgCClO^j 


FeS 2 


1.9 


72 


89 








TMSOI mol MgCC1 0«) 2 


FeS a 


1.6 


32 


66 




Mg+15%Sn£>& 


«« 


TMSOlmol MgCCIO^ 


FeS 2 


1.7 


33 


60 




Mg+15%Cd£fc 


«*t 


TMSCM-1 mol Mg(C1 04)2 


FoS 2 


1.6 


40 


65 








TMSOI mol Mg(C104) 2 


FeS 2 


1.5 


30 


58 




Mg+»%Ga^& 




TMSOlmol Mg(C104) 2 


FeS 2 


1.8 


39 


63 








DMSO+0.6ino1Mg<C10 A ) 2 


Mo 0 S 8 


1.7 


31 


64 



[0 0 2 3] (Hfi6fiU2) Mg (100* •> ->aJ-XT) 1 
8giCo (100* yy^lXT) 2gt?1L©Xr> 
lsXm<D$-l\s=.)\stf'y HcffAU *©±fcHg1 9 
mmCXfVUX*- ;l/£5 Ofl. ilfll 2mm£DXf 

»Lfc»v miaSM 0 0 r pmT'1 0 BH#-JU5Jl/ 
(ttt-fiHsTa-fy?) *'n^tc EJiRLfcMg C o 

[0024] ^IcJfcmstS^fifcm^ 1 mA/g. 1.2V 

[0025] (ussfiij 3 ) nmm 2 1 ffimvyjTZz- m g 

(100y >y->alXT) 1 6 g <h I n (100;/ 

L» 1 0BFa^'-;U5;U^^>fc, EiRLftMg I n£ 
^SSilS^liT^SSft^ 3 5fjm?Sofc 0 C0)Mg^ 
if»3R1 OOS«SlJlc5<tLTiSSSiJi:LTPTFEJf»3l5^ 



M^T'-i 8 0°C3 O^SPfBiLTPTF E&MM 
*->K (TMSO) tC1mol«)ig^^^->^A^ 

[0 0 2 6] :^lcJEttttia«*J5TO3it5niA/gT'1 2 0 
o/oftm. JSmii 5 mA/g, 1.2V*7h <O^Tfro 
/i:„ tb^ffil3i:LT|5l— MM<DMg I n^t5^^@lc 

[00 2 7] (HJ5£^J4) Mg (100^ y ->aJ-XT) 1 
4gil n (100y -y->aJ-XT) 6 g £ffl^THfifc0J2 

ICM g 1 4 glC53LT I n 7 g ^^JlP ( 3 3 fi»%) L 



(5) <&m¥ 1 1 -3 45 6 1 0 



[0 0 2 8] m. 1 Jb^t>*^<fe3tc*HSgf5y«DttjfeT<D 

TLTLS^fc, C*U*££*<DMga<D{gT#§a<g 
Tlco^ofct,<DTM git LTte 7 0Mfi%W±'iS 

[0029] mm.m3\,za^T i n© 

fttofKGa, Sn, Cd, Mn, Zn^S^MgSlc 
SfLTI 5fiB%«nL^. maWMMr??!?- 
;l/5;U£ffl\ &fIMg^££fP»Lrco CWliKLT 
f¥« Lfc M g d&tttfl? «ftS <t LTSMSfll 3 i: |Q«R4> 
ft««*y»y y Lfc. SKCS 

wt5ft»tt«^r fmow^tttiseu 5 ~ 9 

[0 0 3 0] (HS£0J1O) Mg (100* -y S/ittT) 
8gtPb (100y y->aJ.XT) 2 g«b?5 0 OccOX 

US 2 0mm(DXT>UX*-ib^2 Ofl, I1 1 0m 
mW7.5 1 >U7.*-jU^4 0<l}fALfco #7 hl<3*7 
/UdTVHSSLfc^ 03S£*2 0 0 0 r pm?2BFIM 
<K-;U = ;1/^TO/-Co SiRLfcMgPb$&ffttt?ttJP 
i§ttS#3 5 ijmT'Soft. C<DMg P b^&*»*1 0 
0 a«Nctt LTSSSSJ tLTPTFE t»5fc* 3 MSB 
j^llDLx ^;bX;l/7**->K (DM SO) £ 

lc®»» yu^Lft*, MffifTM 8 0°C3 OttJjQi&L 
TPTFEfciMBU ftUfcfHHLfc. D 

[003 1] :*te§tB60lJ3 <tl3J«lC?ESESa85mA/g-ei 

2 0 Sfc^te 5 mA/g, 1 . 2 V £ y h O^Tft 
ttTO»*ffofc. tt&fll 1 0 t LTM g P b££0«5 

^T£> j£T»h.£ d £ &t>fr^> fee 

[0032] (usswi 1 1 ) mmm 3 1 mmcDttTM 

g 1 6gi I n4g£V$-)l,~.MZ<i:^T¥-i%fimft 

3 5Aim(0Mg I n^#3f»^^|^Lfco 

[0 0 3 3] CCD^S^I 5gU> ©S3 On 

m<DN i mt&'i . 3 g^yil^S>'PT^t)yyD.-'J 
3>mm (*V*9i^a>l!AM-1 5Ffl, 
7^1 mrru 1 200rpm, 1 L, Mg I n 

[0 0 3 4] C<D^fit^1 0 OSfigBKfctL 

TS^JtLTPTF Ejf»*^3fi§gp^l)DLv 
•^f )b*Jl/A75 K (DMF) ^flO^T^-T. httK 
U M o t^/ 2 ^SttK**. ZflsXLtc 



9h Jt£*?1 8 0-C3 O^mmLTPTF 

L> fta*f«S!Lfc. ®g>SlCli. DMFtDMSOCD 

<*«Jt1 : 1 OS^iSffitc 1 . 5mo\(Dm^mm^<f^y 

ou^mm^tz^mmn^ mmizitnmnm £ y 

[0 0 3 5] :*U:flBSfl|3 <!:l5l«llc^®M^?EOT 
-3S 5 mA/gT* 1 2 0 5 mA/g. 1.2V*7 

[003 6] (HSfcflJ 1 2 ) 3 <tPl«W^T'M 

g 1 6g<h I n2g. N i 2g (1 0 0^7->j) <fcy 
#-;l/~;Uc c feoT J Fi£j*aS^2 0(Lim©Mg I n N i 

[0 0 3 7] CCl§Mf(CEPMA (i?i?-r^n 

[0 0 3 8] Z\(D'ik. Z\<D&£m.?--\ 0 OSfiaUottL 
T«»M tLTPE(f Vlf l/» 5 SSas^D U 
'>a<DDMF^J)D?lT^-X ht^lcU TiS©/(Vf 

7uxufct, 30 

°C3 0»SD^LTPE^Stft?U ^H^SL/co WM 
jSlcl*. DMA AtDMSO©<*Slt2 : 1 ©S^Sg« 

K^. IE<Slcl*^fii§SJ:y+^§a<DV80i3^ 

[0 0 3 9] ^lc^fiS#iJ3 ^:PI«(«:%ffi«tjtM«Xa« 
5 mA/gT 1 2 0 %%M. 1&WIZ 5 mA/g. 1.2Vi)7 

to^o/c, du n ia#i oaa% ; &®L/cii-&«, 
[0040] (ns£eyi3) -$mm-\tmm. Mg^i 

[0041] ^ic, 5S^--y^;uo)tgfa*j§jiS4'2 o o 

cclC, CCDMgSSS^I Og^DlDU ^ 5ST 2 
iRsMt Lfco E P M A <fc y ^^SIC N i OffiftfttS 

#^en^o y -y*a«*:LTi*5iia%gg<t#^.6n 

[0042] COMg«Mt?1 0 OltaaJlC^LT^ 
S§"Ji:LTPEiBi5S^5Saa5^»PU MfflDMAA 

tiizmmu 7uxis^fT'i 3 o°c3 oftunmLr 
PEwu $iM*ftmLtco mmmat. dm a a 



(6) 



1f BPF 1 1 -3456 1 0 



[oo4 3] mcmmm3 tmmcnwLm&mzJtm.w. 

35 5 mA/gT* 1 2 0 %im. fift^li 5 mA/g, 1 . 2 V Id >y 

[0044] nmm 1 1 ~ 1 3 icis^zmn-r z> n i m 

t LTte 1 OSM'/oWTA^X^^^-S^CD^TffSL 
[0 0 4 5] 

sum? (¥is*ag7 opmixT) ^ffl^^c«tT-j±a 

[0046] ^ SIC I n, Ga. Sn, Pb, Cd. M 
n, Co, Z n<t<D££<fcK<fcoTSSK¥a5i*l]Stfm 

[0 0 4 7] $fc££«!8*a^£>SSlCN i Jf fctStt*;! 



6 7 OIlHttmMTM. 
[0 0 4 8] tttt?<Dlti&£S& LTltfiXT b^^fX 

[0049] Jbic v-57^.->o^a&«^i*^^->^ 

[0E©iis#fc8ii¥j] 
m 

1 BXtii (SAS) 

2 PTFE^TkS 

3 SIDi'JAnfL 
4 

5 -b/\°U— £ 

6 fl'X<T7 h 

7 SS^-Xh 

9 mmms 



[HI] 



1 K5R&(2Sl®) 

2 PTFEK*)fi 

3 2£5l5C0AniL 

4 ti1K<a 

5 -tzniy--9 

6 tfX^wh- 

7 ftffi^-Zh 

8 mffiSS 

9 JEflSSS 



8 

' 7 



(7) 



11-345610 



(51) Int. CI. 6 BUSUE^- 
H01M 10/40 
12/06 



F I 

HO 1 M 10/40 
12/06 



Z 
D 



